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ABSTRACT

Safety culture refers to how safety is addressed and communicated in the workplace. It
encompasses the attitudes, beliefs, perceptions, and values of all employees in an organization
about safety. A good safety culture can be promoted by management through a commitment to
safety, realistic practices for handling hazards, continuous organizational learning and concern
for hazards shared across the workforce. The objective of this paper is to reviews the safety
culture in handling radioactive sources. The radioactive substances used should comply with the
following characteristics where radiotoxicity must be as low as possible, short-living isotopes
are preferred to long-living ones and the amounts used must be kept to a minimum. Therefore,
the As Low As Reasonably Achievable (ALARA) principle was applied that based on the
minimization of radiation doses and limiting the release of radioactive materials into the
environment by employing all reasonable methods. Besides that, the ALARA principle is an
integral part of all activities that involve the use of radiation or radioactive materials and can
help prevent unnecessary exposure as well as overexposure. The three major ALARA principles
to assist with maintaining doses are time, distance and shielding. It takes a whole team effort to
successfully implement the ALARA in safety culture while doing routine elements of working
in handling radioactive materials.
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INTRODUCTION

Most radiation practitioners were always involved
with radioactive sources while working. Safety is
one of the important issues that debate nowadays.
Many believed that practicing ALARA in the
radiation field especially medical imaging
instruments can help to reduce the radiation risks
exposed to the patients and society. Since handling
radioactive material need professional to take care
of it, it will also open many job opportunities to
nuclear medicine and radiology students to further
their career. Any nuclear agencies also play a vital
role to ensure the safety of both patients and the
radiologist by organizing talks, conferences
regarding the importance of ALARA.

Promoting of Safety Culture

Many organizations tend to focus on occupational
health and safety (OHS) promotion strategies on
displaying the number of days since the last lost-
time injury but fail to capitalize on the promotional
opportunity that presents.! Next, the promotion of
occupational safety and health (OHS) not only will
stay in a rigid position and must beyond the
expectations not only focus on preventing problems
but also can highlight innovation and achievement.?

The organizations that related and work
together on OHS need to implement physical
improvements and management systems where the
safety culture can be promoted through this
improvement. The campaign that promoting safety
culture should be rewarded and can winning
contracts because the safety systems and culture are
in place and through campaigning can improve the
investigation and documentation of incidents, better
risk assessments and job safety procedures.’ Other
than special campaigning, there are many strategies
to promote safety cultures to the employee for
examples mission statements, slogans and logos,
through published materials in the library, statistics
and newsletters or through media such as posters,
displays, audiovisual, e-mail and internet and lastly
through seminars and training either in short talks or
group meetings.*

Next, the promotional activities must know
customer focus and must client drove, line
management and shop floor employees have
different needs and there are different ways to
approach because of that it is important to know who
the target is and what the needs. The different people
have different levels and different hierarchical levels
of an organization have different needs. The ways of
the promotional activities should be different
especially the new ideas from the old one and types
of activities. The level or types of people can be
classified into four groups which are early adopters,
early majority, late majority, and non-adopters.’

Then, annual performance appraisals
which result in rewards such as promotions, prizes
or bonuses will motivate managers to work harder
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and in safety culture. The specific health and safety
performance indicators must be included in the
manager’s position and engage senior management
to frequently promote and reinforce the
expectations.® The implementing organization has to
be confident that its work meets established criteria,
the regulator has to be confident in the work being
carried out by the implementer and the public has to
be confident that both are doing their job properly
and thus ensuring that waste can be disposed of
safely.’

Obviously, without the confidence and
acceptance of decision-makers, policy-makers and,
most importantly, the general public, the
implementation of waste disposal and how to
handling the radioactive material in safety culture
programs will continue to flounder The government
is therefore expected to clearly define the role of the
implementing organization by national policy. The
government is also responsible for setting up a
system for siting, promotion of public understanding
of waste policy and proposals for the development
of local economies and infrastructure. It may be
difficult to achieve sufficient public understanding
and acceptance through the efforts of the
implementing organization alone.?

Besides that, to promote safety culture
organization, company or government can recruited
staff including trained public relations personnel
that intended to act as an interface with local people,
also the establishment of local visitor’s centers
together with handling in radioactive material and
sharing the product of radioactive materials with the
locals so that all the locals can get knowledge.’ In
addition, periodically review training programs and
working methods of the management system and
staff can keep the promotional of safety culture
works among the staff and organization.'°

Important of Safety Culture
A necessary characteristic to reach safe nuclear
installations is meant by a safety culture and it must
be possible to assess its status to improve and
maintain it at optimal levels.!! When an organization
is willing and able to work according to the demands
of its ask and when people understand the changing
vulnerabilities of their work environment due of that
safety culture can emerge in the working
environment.!14

In the nuclear industry especially when
handling radioactive material, the safety culture of
any organization should be centered on safety. The
safety culture is important to show human awareness
on the capability of nuclear power plants or
radioactive material to bring destruction to the
community and much attention is needed to obtain
the benefits from the applications of radioactive
material.!> Safety is more specifically described as
the protection of humans and the environment, now
and in the future, against the dangers arising from
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ionizing radiation in nuclear research and
regulations.'¢

All the workers at the nuclear power or
radioactive material handling should be sent for
training for examples at General Employee Training
(GET) and Plant Access Training (PAT), due of that
employer can obtain basic familiarity of the site
layout, function of major departments, site policies,
site quality program, site emergency planning,
radiation areas at the site, basic radiation protection
and basic industrial safety.!”

The safety culture should be applied
especially in nuclear power as nuclear technology
and all its applications included power generation
can continue to be developed in future decades if
appropriate levels of these three aspects are
preserved and if they are approached in a more
integrated and holistic manner.'® The population and
environment should be protected from the radiation
and other hazards caused by the operation of nuclear
power plants and nuclear facilities at all stages of life
cycle, storage, transportation and radioactive
materials utilization including spent nuclear fuel and
radioactive waste because there is a limit radiation
exposure to personnel, population and environment
that already stated in the rules of safety culture.'

The plants and animal species can have
exposed to radiation if managements of Radiation
safety and radioactive waste (RAW) fail to protect
the environment from being contaminated.
Exposure can arise at present and can also occur in
the future, and its reading can be from low to high
depending on the nature of the RAW and the
circumstances of exposure.?’ The safety culture can
keep the radionuclides within the containment
boundary by chemical or physical fixation within the
waste matrix and by physical containing barriers,
and to provide shielding for any penetrating
radiation emitted from the radionuclides within the
waste, so that the radiation cannot be exposed to the
environment.?!

There are several important generic
concepts for near-surface disposal that can be
described as follows. Firstly, a covered trench is the
oldest and simplest of the disposal concepts and it
consists of placing waste into excavated trenches
and covering the filled trenches with soil. Secondly,
a closed vault consists of a concrete vault into which
the packaged and/or treated waste is placed. The
voids may be backfilled, and the structure is
enclosed with concrete slabs, which may be sealed
by, for example, asphalt. Next, is a domed vault
where in this design the infiltration is controlled by
placing waste in a dry permeable layer and covering
the waste with an impermeable concrete roof that is
subsequently protected by an earthen cap and lastly,
is open vault wherein this concept, a low
permeability cap is placed over the filled vault
without emplacement of a concretes lab where the
waste is however pretreated to minimize the voids.?
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Safety Culture consists of the overall
attitudes, (implicit) assumptions, beliefs,
perceptions and habits within an organization that is
relevant for OHS. However, the conceptualization
of Safety Culture has changed substantially over
time to encompass the current understanding of
OHS and the characteristics of the work
environment.”> As the growing importance of
Psychosocial risk factors, these must be included as
part of the policies, procedures and activities of an
organization and are also reflected in the Safety
Culture of an organization.?*

Safety culture concept

The safety culture in every organization is reflected
in human awareness and acknowledgment of the
significant destructive capability in the industry.?
From the previous study, there is some suggestion of
safety culture features that perform high-risk
activities in complex environments and yet maintain

excellent safety performance and operational
efficiency suitable in safety performance
measurement. 263!

Six features correlated with safety

performance including a top-level commitment to
safety, organizational learning, organizational
flexibility, awareness, just culture and emergency
preparedness.”> The first feature is a top-level
commitment to safety, this is the priority and most
important attribute. The top-level commitment to
safety must be contributing to all workers which
managers demonstrate their commitment in their
attitudes to safety, and the allocation of resources,
including the time spent on efforts to improve safety.
This how it recognizes human performance
concerns, permeating the organization with a sense
of significance on how human performance
influences safety and on how the organization can
provide resources for safer work.

Next, organizational learning related to the
identification of better ways in carrying business
based on experience helps to solve the new issue that
will appear. Organizations that fail to learn from
small events or weak signals resisting beyond a
reasonable level, without changing the way they are
doing things, are probably at greater risk of major
accidents.> On the other hand, organizational
flexibility represents the ability of the system to
restructure itself using existing resources in
response to external changes.?’

Awareness is focused on how a system
facilitates data-gathering and understanding to
provide management acknowledge or know about
what going on in work. It is related to the quality of
human performance in the organization and the
extent that it can be a problem.?

For just culture, it is a barrier that should be
concern about between acceptable and unacceptable
actions (Figure 1). It a dominant safety culture due
to its role in the reporting of weak signals up through
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the organization. Without a just culture, the
willingness of the workers to report problems will
be much weakened, thereby limiting the ability of
the organization to learn about weaknesses in its
current defenses.*

Lastly, emergency preparedness is usually
applied at all levels of the organization. However,

there must be up-to-date realistic response plans in
place to cover the major types of safety concerns.
This helps them to get ahead problem and prepare
how to handle it as preparedness itself means being
ahead of the human problem and its effect.?

Selection of experts

Calculation of the relative
importance of the experts

Choice of linguistic terms
and membership fimetions

Determination of the
importance degree of the
indicators

Aggregation of the fuzzy
opinions

Safety Culture pattern

Figure 1 Schematic diagram to determine safety culture pattern

Safety Culture in Handling High Dose Radioactive
Material

Safety Culture includes the overall attitudes,
assumptions, beliefs, perceptions and habits within
an organization that is relevant for OHS. However,
the conceptualization of Safety Culture has changed
substantially over time to encompass the current
understanding of OHS and the characteristics of the
work environment.>*¥ The safety culture of an
organization needs to include policies, procedures
and activities of the organization.’*3’ Other than
that, there are three types of leading indicators are
identified including compliance, improving
performance and learning organization. Every type
of indicator is depending on the organization's
suitability of safety culture.

Petrochemical plants and nuclear power
plants are an organization that develops safety
culture. This is very important to reduce human error
and any accident.*® In addition, several studies state
that safety emerges when an organization is willing
and able to work according to the demands of its
asks and when people understand the weaknesses of
their work environment.>'>* From 2006 to 2008,
approximately about 0.032% of Gross Domestic
Product (GDP) after Malaysia's involvement in
nuclear technology based on the development of
Nuclear agency.*’ The energy demand makes the
nuclear power plant needed to fulfill it as the
economic transformation plan.*! However, there are
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limitations on safety culture practice that has been
conducted in nuclear and radiation in the context of
Eastern countries like Malaysia compared to the
petrochemical sector.

All tasks carried out by radiation workers
are required to be completed safely to minimize and
avoid altogether the occurrence of any accident and
negative impact to the public and environment.
Thus, the guidelines established under Act 304,
whereas radiation workers must abide by OSHA 504
need to refer by the organization.*?

To increase public trust and positive
perception, the preparation to establish an effective
risk managing system is required.** Furthermore, the
nuclear and radiation industry will also benefit from
learning the practices of other industries having
similar cultures in strengthening their safety practice
approaches.**

Safety Culture in Handling Low Dose Radioactive
Material

Radiopharmaceuticals are one of the unique
capabilities of nuclear medicine. It has its specialty
and function. In addition, nuclear medical
procedures are capable of mapping physiological
function and metabolic activity also helps to provide
specific information about organ function and
dysfunction such as Computed Tomography (CT),
Magnetic  Resonance Imaging (MRI) and
Ultrasonography (US).*
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A study in the radiopharmaceuticals
production facility showed that the model offers
interesting perspectives for the application of safety
culture features in organizational management. A
basis for the identification of potential problems in
the radiopharmaceuticals package dispatch process
has been provided in the leading indicator
framework. Top-level commitment contributes the
most feature of safety culture. These problems may
be caused by the lack of flexibility and management
organizations in which their use of financial
resources to buy important pieces of equipment
without complicated and time-consuming bidding
processes. Thus, the perception of managers
uncommitted to the safety culture of the production
process as they should be done.

ALARA principle: shielding, distance and time
ALARA is defined as low as reasonably achievable.
It is related to the work of exposing the radiation
while maintaining the efficiency and reliability of
the diagnostic modality.*° ALARA consists of
three major principles which are time, distance and
shielding. Time is important in which every second
of the human body was exposed to the radiation is
counted. Hence it is important to minimize the time
of exposure. By limiting the time of exposure, will
reduce the absorbed dose towards the body.

Next, increase the distance between the
body and the source of radiation, this will help
reduce the radiation by a factor of 4. The energy of
the radiation can be stopped according to the type of
energy it was. For instance, for x-rays and gamma
rays it is very efficient to use lead as the shield to
prevent the energy penetrate our body. There are lots
of shielding types nowadays such as lead apron, lead
glasses and lead barriers or blocks.

ALARA was first introduced during the
Manhattan Project of World War II and the NCRP
acknowledged the concept in 1954.3! By 1977, the
ICRP presented the concept of ALARA as a
philosophy of radiation protection based on
quantifiable risks.> According to the ALARA
principle, all subjects related to radiation are
associated with the principle whether how small the
exposures may be. It is important to follow the
principle to avoid other negative circumstances from
happening. In the ALARA principle, both upper and
lower boundaries are identified as 'action levels' and
'inaction levels'. This terminology has been used by
ICRP for quite some time which is proposed by a
group of NCRP.33

ALARA principle is divided into two terms
of action which is individual action level (IAL) and
individual inaction level (IIL). These two terms
explained about the dose limitation received in a
population. For TAL, it is a level of individual
exposure in which if it is exceeding the level will
inevitably trigger a response in ALARA principle. It
is suggested that the exposure must be reduced to a
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reasonably achievable level without negotiating the
uses of radiation and its benefits. In a general
guideline, the IAL must be higher than the average
dose but still not exceeding the standard level of
limitation dose.>*

Meanwhile, the IIL is defined as the level
of individual exposure below which no ALARA
activity is required. Even though lower exposures
could be reduced, it is not justified as it only has little
effect upon the collective dose. Hence, the
institution needs to monitor the limitation dose
received and collected by all of its workers over a
certain time. All the monitored data would be
compiled and a collective action level (CAL) and a
collective inaction level (CIL) can be established. It
is based on the CAL and CIL the actions would be
taken, if the CAL is exceeded then actions should be
started to reduce the collective dose following the
principle of ALARA, however, if the CIL is not
exceeded, then no further action needed to be taken
to reduce the collective dose.*

Radiation is widely used in lots of medical
instruments such as X-ray and computed
tomography (CT). Since the use of paediatric
computed tomography has increased for the past two
decades, it has been stated that there is a small but
significant increase of fatal cancer that may affect
the lifetime of it.>>* There is a study showing that
this effect gives a significant impact on children.
The ALARA principle may be implemented on the
radiologists during conducting the procedure.

The first one is to develop weight-based
protocols. He or she must have exposed the risks
upon conducting the CT scan towards the children.
This helps to increase awareness among the society.
However, it is also important to reduce the dose
while maintaining the efficiency of the CT scan.’’-8

Next, the radiologists also could consider
another alternative of non-radiation modality to
evaluate the disease apart from using a CT scan. This
is due to lower risks of being exposed to radiation.
Other medical instruments could be used, for
instance, ultrasound and magnetic resonance
imaging (MRI). The ALARA principle could also be
applied by improving the shielding along the
exposed area. For example, a newly fabricated
thyroid and breast shields can be used to reduce the
impact.>*-%! Finally, it is also an ALARA principle to
avoid repeating the CT studies. This is belonging to
the time principle which reducing the time exposure
towards the body.

Important of ALARA

The importance of ALARA is very crucial in the
medical field especially in medical imaging such as
CT scan which uses ionizing radiation as the source
to conduct the procedures. In the UK it has been
stated that medical diagnostic radiation exposures
had caused 100 to 250 deaths every year.®? This is
agreed by Brenner who mentioned that CT is an
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increasing source of radiation dose.®® This is due to
the benefits of CT which did become life-saving in
diagnosis and treatment planning and has been
shown in which there is a sharp increase of CT
exams from 1981 to 2006 from 2.8 to 6.2 million
scans respectively.®*

However, if there is no precaution take
upon conducting the CT scans there will be more
potential harms that could occur apart from the
benefits. One of the phenomena that exist from this
activity is "Radiophilia". It is defined as
"unnecessary  radiation  exposure due to
misunderstanding and underestimation of risk
perception, risk conception and risk communication
among healthcare employees involved in medical
radiation imaging".%

The previous study regarding Radiophilia
has stated that numerous causes may lead to the
phenomenon. The factors are related to tons of
categories  including physician, radiological
technician, patient, equipment and economic issues.
The most important factor is the lack of knowledge
and awareness on radiation protection that
emphasizes ALARA policy. When the policy is not
being practiced, it leads to harmful effect as the
Radiophilia.

Next, there are increasing numbers of
careless clinicians that do not understand the
importance of implementing the principle of
ALARA whereas they tend to ask for repeating the
CT because of their incorrect diagnosis or absence
of physical examination. Whereas, by understanding
the concept of ALARA this mistake could be
avoided since ALARA discourage any repetition of
the activity to lower the risk of exposure towards the
patient and public.

There are few studies show that how well
knowledge of ALARA has been understood and
applied can help increase the awareness about
radiation risks and be the first step to eliminate
pointless radiation exposure. However, the studies
show that inadequate procedures and radiological
examinations had been carried out these past
whiles.®% In 2012, a study has concluded that only
minorities of physicians that well informed
regarding radiation protection awareness and this
problem should be improved hastily.”

Some other factors that contribute to
Radiophilia which is a lack of attention to quality
control of radiation units, image quality and patient
dose assessment.”! ALARA is not enclosed to time,
shielding and distance principles only but also in
ensuring the physicians are well equipped with all
information on handling and protecting the
equipment, procedures and society on the risks of
radiation exposure.

ALARA is very important to avoid any
radiation-induced deterministic effects on the
patients as well as medical staff during the ionizing
radiation procedures that occurred.””” Some cases
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have already been reported regarding this issue, for
instance, there are two epidemiological studies show
that the children populations had gained positive
feedbacks from radiation exposure received from
CT scans and cancer incidence.” This is supported
by a study that stated that the frequency of CT scans
on children had increased three times for older
children and two times for children under 5 years old
these last 20 years.

Finally, three rules of radioprotection must
be majored by all healthcare employees to manage
the radiation risks properly which are justification,
optimization, and dose limitation. All sorts of
training programs, education, nuclear physics
classes and continuous assessment must be included
during medicine to improve the understanding of
radiation risks. Most importantly, there must be a
collaborative effort among all medical staff and
physicians to encourage the patients and public
about the benefits, harmful effects and potential
risks of the radiation exposure since the beginning
of their treatments.

CONCLUSION

Promoting safety Culture in Handling Radioactive
Material should be practiced and implemented in all
aspects involving radioactive. Concept As Low As
Reasonably Achievable can be applied to minimize
radiation doses and releases of radioactive materials.
Besides that, an effective ALARA program requires
a commitment from all people, especially for
radiation practitioners.

ACKNOWLEDGEMENT

The authors would like to thank the Applied Physics
Programme, Faculty of Applied Sciences and
Technology Universiti Tun Hussein Onn Malaysia
for facilities provided.

REFERENCES

1. Creek R. Organisations Behaviour and
Safety Management: American Society of
Safety Engineers. October 1995; 36-38.

2. Culvenor J. From Prevention to Innovation.
In: Safety in Action. Safety Institute of
Australia, Melbourne, Australia. 2000.

3. Vecchio-Sadus AM. Scientists and safety:
turning sceptics into believers. In: Visions,
Ninth Annual Conference of the Safety
Institute of Australia (Qld. Division) and
the Division of Workplace Health and
Safety. SIA (QId. Division), Brisbane,
Australia. 2001.

4. Vecchio-sadus, Angelica M. and Steven
Griffiths.  Marketing  Strategies  for
Enhancing Safety Culture. 2004; 42: 601—
19.

5. McCarthy E. Perreault W. Basic
Marketing, Ninth ed. Irwin, Homewood,
USA. 1987.



Review Safety Handling Radioactive Material

10.

11.

12.

13.

14.

15.

16.

17.

Health and Safety Executive, Evaluation of
the European Week for Safety and Health.
NPD Associates. Health and Safety
Executive UK, Contract Research Report
357/2001. Crown 2001.

McCombie C. Chapman NA et al
Principles and standards for the disposal of
long-lived radioactive wastes, Waste
Management Series 3, Elsevier, 2003.
Christensen, Doran M, Carol J. Iddins, and
Stephen L. Sugarman. “lonizing Radiation
Injuries and Illnesses.” Emergency
Medicine Clinics of NA. 2014; 32(1): 245—
65.

Barthe Y, Mays C. Communication and
information in France’s underground
laboratory siting process: clarity of
procedure, ambivalence of effects. J. Risk
Res. 2001; 4(4): 411-430.

Elabd AA, OA Elhefnawy, and 1 Badawy.
“Annals of Nuclear Energy Nuclear
Safeguards Culture: Roles and
Responsibilities.” Annals of Nuclear
Energy. 2017; 110: 1134-38.

International Atomic Energy Agency
(IAEA). ASCOT Guidelines. TECDOC-
743. IAEA, Vienna.1994.

Carvalho PVR. The use of functional
resonance analysis method (FRAM) in a
mid-air collision to understand some
characteristics of the air traffic
management system. Reliability
Engineering and System Safety. 2011; 96:
1482-1498.

Dekker S. Ten Questions about Human
Error ¢ a New View of Human Factors and
System  Safety. Lawrence Erlbaum
Associates, London. 2005.

Hollnagel E. Resilience e the challenge of
unstable., Resilience Engineering:
Concepts and  Precepts.  Ashgate,
Aldershot, UK. 2006; 9-20.

Henrique, Claudio et al. “Progress in
Nuclear Energy Safety Culture
Assessment: A Fuzzy Model for
Improving Safety Performance in a
Radioactive Installation.” Progress in
Nuclear Energy. 2014; 70: 71-83.

EC. Council directive
2011/70/EURATOM of 19 July 2011
establishing a community framework for
the responsible and safe management of
spent fuel and radioactive waste. OJ L 199.
EURATOM, Brussels. 2011.

Henrique, Claudio et al. “Progress in
Nuclear Energy Safety Culture
Assessment: A Fuzzy Model for Improving
Safety Performance in a Radioactive
Installation.” Progress in Nuclear Energy.
2014; 70: 71-83.

1404

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

International Atomic Energy Agency.
Generic  Assessment Procedures for
Determining Protective Actions during a
Reactor Accident. laeca TecDoc 955. 1997.
IAEA. Concepts and terms,
Complementarity of safety and security,
IAEA, Vienna, Austria. 2014.

Henrique, Claudio et al. “Progress in
Nuclear  Energy Safety Culture
Assessment: A Fuzzy Model for Improving
Safety Performance in a Radioactive
Installation.”  Progress in  Nuclear
Energy.2014; 70: 71-83.

MI Ojovan and WE Lee. An Introduction
to Nuclear Waste Immobilisation, Elsevier.
2005.

Barriers. Engineered. Radioactive Waste
Disposal: Hosting Environment,
Engineered Barriers and Challenges. 2018.
Douglas A. Wiegmann, Therry L. Von
Thaden and Alyssa Mithchell Gibbons. A
review of safety culture theory and its
potential application to traffic safety. AAA
Foundation for Traffic Safety. 2007; 1-16.
International Labour Organization (ILO).
Psychosocial risks and work-related stress.
2014.

Henrique C, Cesar M, Vidal R, Alberto C,
Cosenza N, José I, Carvalho R. De.
Progress in Nuclear Energy Safety culture
assessment: A fuzzy model for improving
safety performance in a radioactive
installation. Progress in Nuclear Energy.
2014; 70: 71-83.

International Nuclear Safety Advisory
Group (INSAG). Safety Culture. Safety
Series No. 75. INSAG-4, TAEA, Vienna.
1991.

Obadia 1J, Vidal MCR, Melo PFFF. An
adaptive = management  system  for
hazardous  technology  organizations.
Safety Science. 2007; 45: 373-396.

Lee HM. Group decision making using
fuzzy theory for evaluating the rate of
aggregative risk in software development.
Fuzzy Sets and Systems. 1996; 80: 261-
271.

Jacobs R, Haber S. Organizations
processes and nuclear power plant safety.
Reliability Engineering & System Safety.
1994; 45: 75-83.

Olson J, et al. Objective Indicators of
Organizational Performance at Nuclear
Power Plant NUREG/CR-4378. US
Nuclear Regulatory Commission, DC.
1986.

Wreathall J. Monitoring a critical hability
in resilience engineering. In: Hollnagel E,
Paries J, Woods DD, Wreathall J. (Eds.).



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

International Journal of Public Health Research Vol 11 No 2 2021, pp (1397-1406)

Resilience  Engineering in  Practice.
Ashgate, Aldershot UK. 2010; 61-68.
Reason J. Managing the Risks of
Organizational ~ Accidents.  Ashgate,
Aldershot UK. 1997.

Wreathall J. Properties of resilient
organizations: an initial view. In: Hollnagel
E., Woods D, Leveson N. (Eds.).
Resilience Engineering: Concepts and
Precepts. Ashgate, Aldershot, UK. 2006;
275-286.

Guldenmund FW. The nature of safety
culture: a review of theory and research.
Saf. Sci. 2000; 34: 215-257.

Reichers A, Schneider B. Climate and
Culture: An Evolution of Constructs.
Jossey-Bass Inc., San-Francisco, U.S.
1990.

Leka S, Jain A, Zwetsloot G, Cox T.
Policy-level interventions and work-
related psychosocial risk management in
the European Union. Work Stress. 2010;
24:298-307.

International Labour Organization (ILO).
Psychosocial risks and work-related stress.
2014.

Klinke A, Renn O. A new approach to risk
evaluation and management: Risk- based,
precaution-based, and discourse-based
strategies. Risk Anal. 2002; 22(6): 1071-
1094.

Carvalho PVR, Vidal MCR, Gomes JO.
Normal people working in normal
organizations with normal equipment:
system safety and cognition in a mid-air
collision. Applied Ergonomics. 2009; 40:
325-340.

Carvalho PVR. The use of functional
resonance analysis method (FRAM) in a

mid-air collision to understand some
characteristics of the air traffic
management system. Reliability

Engineering and System Safety. 2011; 96:
1482-1498.

Dekker S. Ten Questions about Human
Error ea NewView of Human Factors and
System  Safety. Lawrence Erlbaum
Associates, London. 2005.

Ainul HD, Hazmimi K. The Impact of
Nuclear Technology to the National Socio-
Economy in Malaysia. Malaysian Nuclear
Malaysia, Kuala Lumpur, Malaysia. 2010.
PEMANDU. Powering the Malaysian
economy with oil, gas and energy.
Economic Transformation Programme A
Roadmap For Malaysia. Kuala Lumpur,
Performance Management and Delivery
Unit. 2010.

Desa AFNC, Habidin NF, Hibadullah SN,
Fuzi NM, Zamri FIM. Occupational Safety

1405

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

and Health Administration (OSHA)
practices and OSHA performance in
Malaysian automotive industry. J. Stud.
Soc. Sci. 2013; 4(1): 1-15.

Aven T, Kerte J. On the use of risk and
decision analysis to support decision-
making. Reliab. Eng. Syst. Saf. 2003; 79:
289-299.

Brody AS, Frush DP, Huda W, et al
Radiation risk to children from computed
tomography. Pediatrics. 2007; 120: 677—
682.

Frush DP, Donnelly LF, Rosen NS.
Computed tomography and radiation risks:
what pediatric healthcare providers should
know. Pediatrics. 2003; 112: 951- 957.
Donnelly LF. Lessons from history. Pediatr
Radiol. 2002; 32: 287-292.

Benz MG, Benz MW. Reduction of cancer
risk associated with pediatric computed
tomography by the development of new
technologies. Pediatrics. 2004; 114: 205—
209.

Goske MJ, Applegate KE, Boylan J, et al.
The ImageGently campaign: working
together to change practice. AJR Am J
Roentgenol. 2008; 190: 273-274.

National Committee on  Radiation
Protection:  Permissible Dose from
External Sources of Ionizing Radiation,
NCRP Report 17. National Bureau of
Standards Handbook 59. Washington, DC,
National Bureau of Standards. 1954.
International Commission on Radiological
Protection: Radiation Protection. ICRP
Publication No. 26. New York, Pergamon.
1977.

Edwards FM (chairman): Draft Report of
Task Group III of Scientific Committee 46
of the NCRP.

William R. Hendee, F. Marc Edwards.
ALARA and an Integrated Approach to
Radiation Protection; Grune & Stratton,
Inc. 1986; 143-150.

Brenner D, Elliston C, Hall E, et al.
Estimated risks of radiation-induced fatal
cancer from pediatric CT. AJR Am J
Roentgenol. 2001; 176: 289-296.

Slovis TL. Children, computed
tomography radiation dose, and the As
Low As Reasonably Achievable (ALARA)
concept. Pediatrics. 2003; 112: 971-972.
Frush DP. Strategies of dose reduction.
Pediatr Radiol. 2002; 32: 293-297.
Paterson A, Frush DP, Donnelly LF.
Helical CT of the body: are settings
adjusted for pediatric patients. AJR Am J
Roentgenol. 2001; 176: 297-301.
Donnelly LF. Lessons from history. Pediatr
Radiol. 2002; 32: 287-292.



Review Safety Handling Radioactive Material

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Wagner LK. Practical dilemmas in
implementing  benefit-risk  protocols.
Pediatr Radiol. 2002; 32: 238-241.
Coursey C, Frush DP, Yoshizumi T, et al.
Pediatric chest MDCT using tube current
modulation: effect on radiation dose with
breast shielding. AJR Am J Roentgenol.
2008; 190: W54-W6l.

Shiralkar S, Rennie A, Snow M, Galland R,
Lewis M, et al. Doctors' knowledge of
radiation exposure: questionnaire study.
BM1J. 2003; 327: 371-372.

Brenner DJ, Hall EJ. Computed
tomography-an increasing source of
radiation exposure. N Engl J Med. 2007;
357:2277-228.

Mettler Jr FA, Thomadsen BR, Bhargavan
M, Gilley DB, Gray JE, et al. Medical
radiation exposure in the US in 2006:
preliminary results. Health Phys. 2008; 95:
502-507.

Abdollahi H, Malekzadeh M. Radiophilia:
A Common Case of Excessive Radiation
Exposure in Healthcare. OMICS J Radiol.
2016;  5:  139.  doi:10.4172/2167-
7964.1000e139.

Heyer CM, Hansmann J, Peters SA,
Lemburg SP. Paediatrician awareness of
radiation dose and inherent risks in chest
imaging studies-a questionnaire study. Fur
J Radiol. 2010; 76: 288-293.

Lee RK, Chu WC, Graham CA, Rainer TH,

Ahuja AT. Knowledge of radiation
exposure in common radiological
investigations: a comparison between

radiologists and non-radiologists. Emerg
Med J. 2012; 29: 306-308.

Soye J, Paterson A. A survey of awareness
of radiation dose among health
professionals in Northern Ireland. Br. J
Radiol. 2008; 81: 725-729.

Thomas KE, Parnell-Parmley JE, Haidar S,
Moineddin R, Charkot E, et al. Assessment
of radiation dose awareness among
pediatricians. Ped Radiol. 2006; 36: 823-
832.

Chun-sing W, Bingsheng H, Ho-kwan S,
Wai-lam W, Ka-ling Y, et al. A
questionnaire  study assessing local
physicians, radiologists and interns’
knowledge and practice pertaining to
radiation exposure related to radiological
imaging. Eur J Radiol. 2012; 81: 264- 268.
Balter S, Hopewell JW, Miller DL, Wagner
LK, Zelefsky MJ. Fluoroscopically guided
interventional procedures: a review of
radiation effects on patients’ skin and
hair. Radiology. 2010; 254: 326-341.

Sun Z, Ab Aziz A, Yusof AK. Radiation-
induced noncancer risks in interventional

1406

73.

74.

75.

cardiology: optimisation of procedures and
staff and patient dose reduction. Biomed
Res Int. 2013; 976-962.

Pearce MS, Salotti JA, Little MP, McHugh
K, Lee C, Kim KP, Howe NL, Ronckers
CM, Rajaraman P, Sir Craft AW, et al.
Radiation exposure from CT scans in
childhood and subsequent risk of
leukaemia and brain tumours: a
retrospective cohort study. Lancet. 2012;
380: 499-505.

Mathews JD, Forsythe AV, Brady Z, Butler
MW, Goergen SK, Byrnes GB, Giles GG,
Wallace AB, Anderson PR, Guiver TA, et
al. Cancer risk in 680,000 people exposed
to computed tomography scans in
childhood or adolescence: data linkage
study of 11 million
Australians. BMJ. 2013; 346: £2360.
Miglioretti DL, Johnson E, Williams A,
Greenlee RT, Weinmann S, Solberg LI,
Feigelson HS, Roblin D, Flynn M]J,
Vanneman N, et al. The use of computed
tomography in pediatrics and the
associated  radiation exposure  and
estimated cancer risk. JAMA
Pediatr. 2013; 167: 700-707.



